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Albert J. $vans and Leland B. Salters,  Jr . 

Ful ldca le  t es ts  have been made in the Langley l&foot *- 

speed tunnel t o  determine the aerodynamic character is t ics  of the 
IWCA l&( 3) (08)api ppeuer.  he tests on this prope~er  were co* 
ducted as part  of a program t o  determine the effects of shank design 
on propeller aerodynamic characterist ics.  

The t e s t s  were made on a 200Lhorsepower dpammter over a range 
of advance r a t i o  from 0.45 to 3.6. The blad-e range, measured a t  
tlm O.'7>radius station, extended from 20° to 50°. 

A maxlmnu efficiency of 91.5 percent was attained. at 1600 revolw 
tions  per minute at a blade angle of 30°. Peak efficiency at a blade 
angle of 45' was decreased 32 percent br an increase in helfcal-tip 
Mach number f r o m  0.80 t o  1.2. 

c 

The W A  has recently completed the major portion of a general 
investigation of the mutual effects  of the propeller design parametere, 
solidity,  thiclmess, and camber and air cnmpeesibility. The ser ies  of 
propellers t es ted  enibodied ayetamatic  variations of b l adsmxt ion  camber, 
thickness,  blade width, airfoil section, and shank design. The popel le re ,  
all of lO-foot diameter, were deaigned t o  have a rahimum induced e n e r a  
loss, or Betz  loading, a t  the design operating  condition. 

This paper presents the test data obtained f o r  the 
XACA 1&(3) (08)-03 propeller blade which was one of the blades  tested 
t o  determine the  effects of shank design. No analysis is included of 

publication of the data contained in th ia  report. 
. the data  contained  herein in  order t o  permit the ea r l i e s t  possible 
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Propeller meter.- The tests were made on a 2OoO-harseparer 
propeller -%. in the Langley l&f oot hi'*peed tunnel. A 
complete description of the dynamameter is containsd i n  reference 1. 

Propeller blades.--The propeller blade8 ?e designated the 
EACA 10-( 3) (08)-03~ design. The digits i n   t h e  7b8ignat ion 'indicate a 
IO-foot-diameter propeller w i t h  a design llft coefficient of 0.30, a 
seckion 8 percent  thick, and a sol idi ty  of 0.03 per  blade a t   t h e  
0.7CLradiu station. The . R  f o l l d n g  the designation signifies a 
propeller b l a b  Incorporating a round shank. The  blade^ were designed 
t o  have the 3 e t z  loading  for min3m.m induced energy loss when operating 
a t  a blade angle of 45O atr the 0.70-radiua station, and aa a th ree4lade  
propeller of 10-foot diameter. The Betz loading  could  not be achieved 
over the round shAnkR, but W&B carried  inboard 'as far as possible, t o  
approximately the 0,3>radiu  station. The Betz load- f o r  a three- 
blade propeller  operating a t  blade angle of 45' at the 0.70-radius station 
is campared w i t h  the deaign load iG  of ths -mz  l&[3] (08)ayl propeller 
in figure 1. The Betz loading curve is taken from reference 2. The 
b lahs  were tested as a twoAlade propeller -a id  bl&de-fomn characterist ic 
curves are presented in figure 2. 

!Tgsta.- Thrustr; torque, and rotat ional  a p e d  were measured at  
each 5 increment of blade angle f r o m  20° t o  55O, inclueive, memured at- 
the 75percent (45inch)  radiua statim. A conrrtant rotational speed. 

wa8 used for each test and a range of advance r a t i o  @ = 9 waB cowred 
by changing the tunnel airspeed which wae varied f'ram about 60 to 464 mi les 
per hour. A t  hlgher blade angles the dynamometer could  not  deliver 
sufficient  torque  to cover the complete range of advance rat30 a t  the 
higher rotational speeds and for thls reason the lower rotat ional  epeeds 
were used for the higher blade angles .  

Additional tests were made a t  constant high value of tunnel airspeed 
anhvariable  rotational speeds in order to extend %he t i p  Mach number 
range of the t e s t s  at a blade angle of 45'. 

A l l  b e t 8  were run over a range of  advance ratio t o  determine 
propeller performance from maxFmum efficiency t o  zero torque. 

A chart- of the t es t ing  pro@am is presented in table I. 

The t e s t  results corrected for tunneld interference and spinner 
force are  presented in  the form of the usual thrust and power coeff icjsnt8 
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aad propeller efficiency. A complete  descri:+lon of the methods used t o  
determine the  propeller  coefficients is given in reference 1. The Bymbols 
and definitione ueed throughout this report are  aa f o l l m :  

5 
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design lift coefficient 

m e r  coefficient 

thrust coefficient (si) 
propeller d5ameter, feet  

blade-section nux3m.m thichese,   feet  

helicalrtip Mach Iumiber M l + (\I 0 2 )  
popeller  rotational speed, revolutions per second 

propeller  rotational speed, revolutions per  mlIurte 

radius t o  a blade element, feet 

propellez-tip radiw,  feet 

propeller thrust, pounds 

free-stream  velocity,  feet per second 

blade angle, deejrees 

mass density of afr in free stream, slugs per  cubic foot 

I 

Faired curves of thrust coefficient, p e r  coefficient, and. propeller 
efficiency  platted  against advance ra t io  a r e  presented in figures 3 t o  10. 
Test  points are shown on the  figures  giving thrust and power coefficient. 
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Sham 012 the propeller-efficiency c m e s  are plots of the akr-stream 
Mach  number together ui th  the  helical-tip Mach nmder. The discorcbinuities 
in  the %ch number c m e e ,  when plotted agafnst advance - ra t io  at constant 
rotational speed, are caused changes in the air ternperatwe in the 
tunnel between tests.  The values of Mach number and helical-tip Msch 
number e h n m  for the propeller data in t h f s  report m e  the t r ue  Mach 
nrnnbers a t  which the data were obtained. 

# 

krvelope+fficiency curves plotted against advance ratio are presenf;ed 
in figure 11 f o r  five  rotational speede. The induced efficiency of a 
frictionlees propeller with a Betz  loading operating at the same values 
of power coefficient as the LBACA 10-(3)(08)-03R propeller a t  13% revolu- 
tions per mlnute is ale0 Shawn on figure U. The duference between the 
emelope curve for the WACA 1&( 3) (08)-03 propeller at 1350 revolu-tions 
per minute and  the induced-ef f iciency curve is the loss in efficiency 
due to  the  profile drag of the  eectlom plus the loss due to   the 
e a v o r a b l e  loading over the inboard sections of a rounbshank propeller. 
The induced efficiency m e  obtained from chari;~ in reference 3. 

Figure 12 presents the values of maximum efficiency  attainable in 
the tests for several blade angles plotted against propeller t i p  
Mach nwnber. 

Langley Aeronautical Laboratory 
National Adviscqy  Conmlttee f o r  Aeronautics 

Lar?.?.ey Field, Va. 
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Figure 1. - Comparison of design loading of NACA lo-( 3)(08) -03R propeller blade with 
Bet2 loading. 
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Figure 2. - Blade-form curves for NACA 10-(3) (08) -03R propeller. 
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Advance raiio. J 

(a) Thrust coefficient. 

Figwe 3. - Characteristics of NACA 10-(3) (08) -03R propeller at 1140 revolutions per minute. s * 
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Advance rolio, J 

(b) Power coefficient. 

Figure 3.- Continued. 1140 revolutions per minute. 
.. . .. 

I 



. . . . . . . . . . . . . . "  

Advance ratio, J 

(c ) Efficiency. 

Figure 3.- Concluded. 1140 revolutions per minute. 
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(a) Thrust coeffMent. 

Figure 4.- Characteristics of NACA 10-(3) (08) -03R propeller at 1350 revolutions per minute. 
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Advance ratio, J 

(b) Power coefficient. 

Figure 4.- Continued. 1350 revolutions per minute. 
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Advance ratio, J 

( c )  Efficiency. 

Figure 4.- Concluded. 1350 revolutlons per minute. 
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Advance rotip, J 

(a) Thrust coefficient. 

Figure 5.- Characteristics 
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8 
of NACA 10 -(3)(08) -03R propeller at 1600 revolutions per minute. 3 
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(b) Power coefflcient. 

Figure 5.- Continued. 1600 revolutions per minute. 
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(a) Thrust coefficient. 

Figure 6. - Characteristics of: NACA 10-(3)(08) -03R propeller at 2000 revolutions per minute. 
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(b)  Power  coefficient. 

Figure 6.- Continued. 2000 revolutions per minute. 
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(c) Efflciencg. 

Figure 6.- Concluded, 2000 revolutions per minute. 
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Figure 7. - Characteristics 
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of NACA 10 -( 3) (08) -03R propeller at 2160 revolutions 

2.6 - 2.€ 

per minute. 3 
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(b) Power coefficient. 

Figure 7.- Continued. 2180 revolutions per minute. 
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Figure 7.- Concluded. 2i60 revolutions per minute. 
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(a) Air-stream Mach number, 0.56. 
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Figure 9. - Characteristics of NACA 10 -(3)(08) -03R Propeller at 
high forward speeds. = 450. 
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Advance ratio, J 

(b) Air-stream Mach number, 0.60. 

I .o 

.9 

.8 

7 

.6 

1 
s 
0 

5.5  
;z 
W 

0 

y.. 

.4 

3 

2 

.I 

0- 

Figure 9. - Continued. 
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Figure 10. - Characteristics of NACA 10 -(3) (08) - 0 3 3  propeller. 
'0.75R = 50'; air-stream Mach number, 0.65. 
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Figure 11.- Envelope 
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efficiency of NACA 10 -( 3) (08) -0 3R propeller. 
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Mgure 12.- Effect of helical-tip Mach number on maximum efficiency. 




